Abstract. A standard facial caricature algorithm has been applied to a three-dimensional (3-D) representation of human heads, those of Caucasian male and female young adults. Observers viewed unfamiliar faces at four levels of caricature-anticaricature, veridical, moderate caricature, and extreme caricature-and made ratings of attractiveness and distinctiveness (experiment 1) or learned to identify them (experiment 2). There were linear increases in perceived distinctiveness and linear decreases in perceived attractiveness as the degree of facial caricature (Euclidean distance from the average face in 3-D-grounded face space) increased. Observers learned to identify faces presented at either level of positive caricature more efficiently than they did with either uncaricatured or anticaricatured faces. Using the same faces, 3-D representation, and caricature levels, OToole, Vetter, Volz, and Salter (1997, Perception 26 719-732) had shown a linear increase in judgments of face age as a function of degree of caricature. Here it is concluded that olderappearing faces are less attractive, but more distinctive and memorable than younger-appearing faces, those closer to the average face.
Introduction
Psychological theorizing about the way we represent human faces in long-term memory has, in recent years, nearly always been based either explicitly (cf eg Hancock et al 1996; OToole et al 1995 OToole et al , 1997a Valentine 1991) or implicitly (eg Beale and Keil 1995; Langlois and Roggman 1990) on the concept of a face space. A generic face-space representation includes only a few basic conceptual elements: (i) faces can be thought of as points in a high-dimensional space; (ii) the dimensions or axes of this space represent the different 'features' that we use to encode faces; and (iii) the distance between any two faces in this space is a measure of their similarity/distinctiveness.
Generally it is thought that typical faces cluster close to the average face in the densest part of the space, and so are difficult to recognize because they are more easily confused with other faces. The distinctiveness of faces has been theorized to be a function of the distance of the face from the average face. Very recent work by Burton and Vokey (1998) demonstrates nicely that the concept of 'density' in a face space and its relationship to 'distance from the average' is a good deal more complicated than previously thought. We will discuss the work of Burton and Vokey in more detail shortly. For present purposes, however, the typicality of a face has been considered to be related both to the density of the face space in which a face is found (how many faces are similar to it) and to the presumably related measure of distance from the average face.
As originally proposed, face-space theory was relatively abstract (Valentine 1991 ). Valentine simply proposed that the dimensions of face space are any physiognomic features that can be used to encode faces. There are two concrete approaches to constructing a face space. One can construct a psychological face space based on data from human observers judging the similarity of faces (cf Johnston et al 1997; Shepherd and Deregowski 1981) . Shepherd and Deregowski (1981) , for instance, calculated multiple correlations between ratings of a set of faces on fifteen commonly identified facial attributes and coordinates of these faces on five dimensions yielded by the best multi-dimensional scaling solution for a matrix of face similarities. Their results yielded a multi-dimensional face space that was easily interpreted to confirm the importance of hair (length, color, and texture), age, skin texture, and fatness of face as features in making similarity judgments. Alternatively, one can construct a face space from a physical representation of faces. This has been done in either of two ways, both involving statistical treatment of physical face characteristics. Perhaps the most straightforward approach is illustrated by the work of Burton et al (1993) . They began by representing faces via their values on an elaborate set of facial measures taken from full-face and profile photos, measures of 3-D shape and two-dimensional (2-D) distances and ratios. Burton et al then subjected these measures to a discriminant function analysis, equivalent to a principal components analysis (PCA). Gender categorization performance of their computational model approached human-level accuracy, but sixteen measures were required. This result could be conceptualized as a 16-dimension face space.
A rather different approach to modeling face perception and memory that has been used commonly in recent years has been to represent faces with the use of 'features' derived from the statistical structure of a set of faces. This has been done generally by applying PCA to a cross-product matrix of relatively unprocessed physical codings of faces, raw pixel-based images (eg O'Toole et al 1995), or raw 3-D coordinates of human heads (O'Toole et al 1997b), for instance. In fact, PCA is nothing more than metric multi-dimensional scaling. Applied to physical codings of faces, this analysis yields a multi-dimensional space based on physical similarities among the faces in the set. As with multi-dimensional scaling applied to psychological data on face similarities, the resultant space is defined by a set of axes (referred to as principal components or eigenvectors). In either the psychological or physical case, these axes can be interpreted as 'feature' dimensions and individual faces can be thought of as points in the multidimensional space, defined by their coordinates with respect to each axis. A face's coordinate with respect to a particular axis represents its value on the feature dimension represented by that axis.
An important advantage of applying this approach to physical representations of faces is that it becomes possible to compare, very tangibly, the kinds of multi-dimensional spaces that result when different kinds of input codings are analyzed-2-D versus 3-D codes, for example. Because PCA yields a face space based on the statistical structure of a set of faces, and because the analysis of different kinds of physical codings will result in face spaces with rather different properties (cf O'Toole et al 1997b), it is possible, therefore, to explore the relationship between psychological face spaces and face spaces yielded by different physical representations.
The present study is based on an insight that resulted from applying a PCA approach directly to a 3-D representation of human faces taken from laser scans of the faces (O'Toole et al 1997b) . In that study, O'Toole et al attempted to create caricatures by applying a standard computer caricature algorithm to 3-D representations of faces. This algorithm operates by altering the locations of individual faces relative to an average or prototype face, and by 'redrawing' the caricatured face with the altered or exaggerated feature values. First, individual faces are represented as points/vectors located in a multi-dimensional space based on some representation of the faces, a 3-D one in the present case. Each face has a distance and direction from the average face. The distance of a face from the average face is a measure of its distinctiveness, whereas the direction of the face vector captures facial identity (via vector values on the feature dimensions defined by the axes of the face space). Next, caricatures are created simply by increasing the length of the face vector, altering its distinctiveness and distance from the average, while leaving its direction intact.
Applied to 2-D configural data on faces-the positions of facial landmarks in face images, for example-this standard caricature algorithm produces faces that are perceived as more distinct (eg Rhodes and Tremewan 1996) and are better recognized than veridical faces (eg Stevenage 1995) . Applied to a 3-D representation of faces, however, OToole et al (1997b) showed that caricaturing increased the perceived age of faces. In fact, the perceived age of faces increased linearly as a function of the distance of a face from the average. Figure 1 shows an example of four levels of facial caricaturing applied to the face of a 37-year-old female Caucasian in the second row and a 32-year-old male in the first row. As can be seen, distinctive 3-D information such as wrinkles and prominent parts of skull bony structure become even more distinct in the caricatured versions. Figure 1 . Four caricature levels (columns) of two heads (rows). Caricature levels from left to right are made at distances from the average head corresponding to an anticaricature, approximately veridical, moderate caricature, and extreme caricature, respectively.
The study of O'Toole et al (1997b) suggests indirectly that the distinctiveness of a face, defined operationally as its distance from the average face in a 3-D face space, taps information related to facial age. This raises a number of interesting questions about the relationship of distinctiveness in this 3-D-grounded face space to distinctiveness as perceived by human observers. It further raises the question of whether aging a face via a method aimed at making it more distant/distinct from the average, also increases the accuracy/efficiency with which observers recognize it. Finally, O'Toole et al's result raises intriguing questions for understanding how the attractiveness of faces relates to their distinctiveness. There is evidence that attractiveness is negatively correlated with distinctiveness (Rhodes and Tremewan 1996) , indicating that less distinctive, more typical, faces-those presumably less distant from the average face-are seen as more attractive. Evidence converging on this result has been provided by findings that attractiveness is part of a complex of variables forming one of two orthogonal components of typicality/ distinctiveness such that more typical faces are seen as more attractive (O'Toole et al 1994; Read 1992, 1995) . The purpose of the present investigation is to address these questions by using the 3-D caricatures employed by O'Toole et al (1997b).
Experiment 1
Do variations in distance from the average face in 3-D-grounded face space relate systematically to observer perceptions of distinctiveness? Do faces become more distinctive with age? If they do, are younger faces more attractive as well as closer to the average face than are older faces? To answer these questions we had observers rate the distinctiveness and attractiveness of thirty of the same faces used by O'Toole et al (1997b) . Ratings were made of anticaricatures, veridical (undistorted) faces, and faces at two levels of positive caricature of each of these faces.
2.1 Method 2.1.1 Observers. Thirty-two undergraduate volunteers (eleven male, twenty-one female) participated. Each earned academic extra credit for participation.
2.1.2 Stimuli. Laser scans (Cyberware TM) of thirty heads of young Caucasian adults (fifteen of each sex) were used as stimuli. These were randomly selected from a database of one hundred faces (mean age 26.9 years, standard deviation 4.7 years). Individuals were scanned wearing bathing caps, which were later removed digitally. Further preprocessing of the heads involved making a vertical cut behind the ears and a horizontal cut to remove the shoulders. The laser-scan data consisted of a representation of the 3-D coordinates of a 512 x 512 sample of head surface points. A more complete description of the laser-scan data can be found in O' Toole et al (1997b) . The 3-D face data were rendered as images viewed from 30° left of full-face view.
Four versions of each face were created by means of a standard computer caricature algorithm applied to the 3-D head data. This algorithm is described in detail by O'Toole et al (1997b) , and so we give only the basics here. Faces were put into pointwise correspondence with the average face, with the use of elaborated optic-flow algorithms based on the work of Bergen and Hingorani (1990) . These algorithms have been applied successfully to the problem of putting 2-D images of faces in pointwise correspondence (Beymer and Poggio 1996; Vetter and Poggio 1997) and were extended by Vetter and Blanz to 3-D data (cf Vetter and Blanz 1998, for a more sophisticated algorithm for establishing correspondence amongst laser-scanned faces).
Each face was then represented as a vector of deviations from the corresponding points on the average head. A PCA was applied to the cross-product matrix of the face vectors for one hundred of the heads, and individual faces were represented as vectors in this new space, with normalized coordinate values with respect to the 99 principal components/axes of the space. This creates a 99-dimension face space, with the average head at the origin and with individual faces represented as points/vectors in the space.
Four levels of caricature for each face were created by setting the length of each face vector to four different values, keeping constant face vector direction/ 1 ) Faces were then rendered with the use of the coordinates of the length-altered vector. Vector lengths chosen included an anticaricature (6.5, shorter than the original vector length), an approximation of the veridical (10.0), and two caricatures of lengths 13.5 and 17.0, producing moderate and extreme caricatures, respectively (see figure 1, again) . The four versions of thirty faces yielded one hundred and twenty faces to be rated.
Before proceeding, we wish to qualify the use of 'distance from the average' as our operational measure of distinctiveness. Although all the automated caricature generators of which we are aware employ some version of this manipulation for increasing face distinctiveness, there are several hints in the literature that distance from the average is not synonymous with face distinctiveness. A very thorough treatment of the complexities of this issue can be found in the previously cited work by Burton and Vokey (1998) . For present purposes, the essentials of their work follow from the observation that (1) Vector lengths were measured as Mahalanobis distances (Duda and Hart 1973) , or in terms more familiar to psychologists, z-score units. empirical distributions of typicality /distinctiveness judgments show that only a few faces are judged 'extremely typical'. Rather, the majority of faces are judged between the extremes of 'typical' and 'distinctive'. More specifically, they point out that even on assuming a multivariate normal space of faces centered around the average, the squared distances of the faces from center are distributed like a # 2 distribution, with mean equal to the number of dimensions. As a consequence, the squared distances are not centered around zero, but rather around the mean of their x 2 distribution. This point has a number of profound implications for defining the global versus local density of a face space. These are discussed in detail by Burton and Vokey (1998) and are beyond the scope of this paper. For present purposes, however, when confined to manipulating the relative distinctiveness of faces, as we do in the current study, distance from the average captures both the global density and difference-from-the-average components of facial distinctiveness.
2.1.3 Apparatus. All experimental events were controlled by a Macintosh computer programmed with PsyScope (Cohen et al 1993) .
2.1.4 Procedure. Observers were instructed that the faces were not photographed, but laser-scanned. They were forewarned that the resulting images were gray, with their hair digitally removed. Ratings were to be made relative to 'similarly prepared faces'. Observers rated both the distinctiveness (1 = very difficult to pick out of a crowd, 7 = very easy to pick out of a crowd) and attractiveness (1 = very unattractive, 7 = very attractive) of each of the one hundred and twenty faces. Face presentation order was randomized and the rating order was counterbalanced such that half the observers rated distinctiveness first and half rated attractiveness first. Observers completed eight practice trials (four versions of two images not included in the experiment).
Results and discussion
When the two sets of ratings were treated as 120-item scales, reliability as assessed by coefficient a was quite high (0.97 for distinctiveness and 0.95 for attractiveness). Across all one hundred and twenty faces, distinctiveness was correlated with attractiveness, r 118 = -0.93, p < 0.005, as was the case for Rhodes and Tremewan (1996) , whose comparable result was -0.76. We likewise replicated the finding of a significant negative correlation between distinctiveness and attractiveness when only the veridical faces were considered, r 28 = -0.61, p < 0.005, here versus Rhodes and Tremewan's value of -0.32. In fact, the only nonsignificant correlation we obtained was the value for the anticaricatured faces, r = 0.04.
Mean attractiveness and distinctiveness ratings as a function of caricature level are displayed in figures 2a and 2b, respectively. Separate one-factor within-subjects ANOVAs were computed on these two sets of ratings. Caricature-level effects were significant both for attractiveness ratings, F 3 93 = 184.70, p < 0.0001, and distinctiveness ratings, ^3,93 ~ 105.55, p < 0.0001. Applying the Tukey HSD a posteriori test for multiple comparisons showed that all pairwise comparisons of means were significant at at least the 0.05 level for distinctiveness and at least the 0.01 level for attractiveness. Rated distinctiveness of faces indeed appeared to vary in a direct, approximately linear fashion with metric variation in their distance from the average face in 3-D-grounded face space. Given that the estimated age of these faces showed the same linear relationship to their distance from the average face (O'Toole et al 1997b), we can now answer in the affirmative the question of whether faces get more distinctive with age. Rated facial attractiveness, on the other hand, appeared to vary in an inverse, approximately linear fashion with variation in distance from the average face. Thus, younger faces are indeed both more attractive and closer to the average face in 3-D face space than are older faces. Now, it might be objected that given the poor performance of observers on recognition memory tests using unfamiliar laser-scanned faces (Bruce et al 1991) , that our observers' ratings of distinctiveness and attractiveness might not reflect psychological dimensions usually applied to human faces. The larger concern, then, would be one of ecological validity of our 3-D face representations. We are not unsympathetic to these concerns, but would argue for the validity of our rating data on two grounds.
First, nearly all modes of presenting a visual stimulus take liberties with ecological validity. For example, photographic images are 2-D, and human vision is 3-D. Nevertheless, modern observers are so used to seeing facial photographs that recognition memory of unfamiliar photographic images of faces is typically quite good. Indeed, we would note that both 2-D images and 3-D surfaces are perceptually very natural ways to portray human faces. Museums are filled with the art of civilizations bereft of the advantages of camera or laser scanner, which believed that a painting or a sculpture expressed something fundamental about the human face and body. We find it hard to imagine someone finding it difficult to judge the attractiveness or distinctiveness of the persons sculpted by these earlier artists.
Granted that observers do not recognize 3-D laser scans of unfamiliar faces as well as photographic images of them, it does not necessarily follow that observers do not treat laser scans as faces. For instance, one might argue from the literature that observers recognize people from moving video more accurately than from still images, but we do not believe that one would want to argue on this basis that an observer's ability to treat a still image of a face as a face is thereby challenged. Second, our observers have made quite consistent ratings of distinctiveness and attractiveness vis-a-vis the laser-scanned faces. In addition, these rating data replicate a number of common findings gathered for face images. For example, the relation of distinctiveness and distance of a laser-scanned face from the average face in 3-D-grounded face space is the same as that in 2-D-grounded face space (Rhodes and Tremewan 1996) , linear and positive. Similarly, we have replicated Rhodes and Tremewan's finding of a linear and negative relation between attractiveness and degree of caricature of photographic facial images.
Experiment 2
The remaining question of interest is whether aged faces-those farthest from the average face in 3-D face space-are more memorable than younger faces. The older faces are perceived to be more distinctive. Thus they should be more memorable. Inasmuch as the literature is rather mixed concerning whether or not unfamiliar faces show a caricature advantage in a standard recognition memory task, we have adopted the expedient of Stevenage (1995) . She showed that observers could learn to identify faces displayed in a 2-D artist's caricature more rapidly than they could uncaricatured faces. We therefore asked our observers to learn two-syllable gender-appropriate names to faces displayed in each of the four caricature formats used in experiment 1.
3.1 Method 3.1.1 Observers. Eighty undergraduate volunteers (thirty-one male, forty-nine female) participated and were compensated with academic extra credit.
3.1.2 Stimuli Six male and six female heads, chosen randomly from the original set used in experiment 1, were used as stimuli. Each head was assigned a two-syllable genderappropriate name, five to seven letters in length. Names were selected so as to be at an approximately equal frequency of occurrence as names of students in the volunteer pool.
3.1.3 Procedure. Twenty observers were assigned randomly to each of four learning conditions, defined in terms of which caricature level was used to render the twelve faces to be identified. The same four caricature levels used in experiment 1 were used again. During the first learning trial, observers were exposed simultaneously to each face and name on a microcomputer screen for 5 s, with a 2-s interstimulus interval. Face order was randomized for each of the succeeding, self-paced learning trials.
On each of these subsequent trials, observers were presented with each face alone and were asked to name it by pressing one of the corresponding name-labeled keys on the computer keyboard. A correct choice resulted in the chosen name being presented below the face. An incorrect choice resulted in a beep followed by the presentation of the correct name below the face. This procedure was repeated until the observer named all twelve faces correctly on two consecutive trial runs.
Results and discussion
Two measures of observer performance were analyzed: number of trial runs to reach criterion and total errors. Mean errors and trials to criterion as a function of caricature level are displayed in figures 3a and 3b, respectively. These data were submitted to separate one-factor between-subject ANOVAs. Significant caricature-level effects were found both in the case of errors, F 3fl6 = 5.66, p < 0.001; and trials, i^7 6 = 6.50, p < 0.001. Application of Tukey's HSD a posteriori tests showed that, for both trials and errors, observers learned to identify more efficiently faces rendered in either moderate or extreme caricature than faces rendered veridically or in anticaricature (all ps < 0.05). In neither case were there differences in learning efficiency between either the two positive caricature conditions or the veridical and anticaricature conditions. Hence, as did Stevenage (1995) , we showed a caricature advantage for unfamiliar faces. We also showed that older, more distinctive faces are indeed more memorable than younger ones, ones closer to the average face in 3-D-grounded face space.
We should note that the nature of the relation between degree of facial caricature and memorability was a step function, but that the relation between caricature and distinctiveness in experiment 1 was approximately linear. The difference in memorability between veridical and moderately caricatured faces was expected, given Stevenage's (1995) finding. What was unexpected was that the function obtained in experiment 2 was not more nearly like that obtained in experiment 1. It is not clear to us just why the anticaricature and extreme caricature conditions did not contribute incrementally to facial memorability.
General discussion
The present approach to representing and quantifying facial information provides a reasonably precise test of generic face-space theory's predictions concerning distance of a face from the average face (Valentine 1991) , at least for face spaces constructed from physical representations (cf Johnston et al 1997) . Previous caricaturing manipulations have been performed on 2-D facial representations. However, the axes of 2-Dgrounded face space in these studies (eg Rhodes and Tremewan 1996) have been implicit, rather than explicit, as we have made them. Nevertheless, in combination with these previous studies, the present study enables us to compare limited portions of psychological face space and face spaces yielded by 2-D versus 3-D physical representations of faces.
Perhaps not surprisingly there is much similarity in the way that psychological face space maps onto both 2-D and 3-D representations: (a) the relation of perceived facial distinctiveness to distance of a face from the average face in 3-D-grounded face space is the same as that in 2-D-grounded face space (cf Rhodes and Tremewan 1996) , approximately linear and positive; (b) the relation of perceived attractiveness to distance from the average face in 3-D-grounded face space is likewise the same as that for 2-D-grounded face space (cf Rhodes and Tremewan 1996) , linear and negative; and (c) perceived facial distinctiveness is positively related to memorability for both 3-D and 2-D representations (cf Stevenage 1995) . A 3-D representation of the information in faces has at least one additional, important perceptual consequence, however. O 'Toole et al (1997b) have shown that applying a facial caricaturing algorithm to a 3-D representation produces predictable changes in apparent age of a face. We have been able to show in the present experiments that faces made to appear older in this manner are also perceived as more distinctive and less attractive than younger faces, those less distant from the average face. We have also shown that these same olderappearing faces are more memorable than the younger-appearing faces, in the sense that observers were able to learn to identify them more quickly and efficiently. Now it might be objected that there are very definite limits on the generality of our findings concerning the relationship of facial aging, attractiveness, and distinctiveness. There is some validity to this objection. Inasmuch as practical constraints limited our data base of faces to those of younger adults, we constructed the average face from a pool of faces whose average age was about 27 years. Would our findings have been different had we constructed the average face from a pool of middle-aged faces (of 40 -60-year-olds), for instance?
We have given this matter a lot of thought and are reasonably convinced that had we based our face space on an average face constructed from middle-aged faces, our primary results concerning the relation of aging, attractiveness, distinctiveness, and memorability would still apply. The reason that caricaturing a face with a 3-D representation makes it look older is in part due to the 'smoothing' properties resulting from the process of constructing the average face. This smoothing occurs regardless of the age of the faces in the pool, and we are reasonably sure that at least one part of the averaging algorithm's effect would hold regardless of the age of the faces included: specifically, the smoothing out in the average face of wrinkling in individual faces. If one were to compute an average of 40 -60-year-old-faces, the average would certainly be much smoother than the original faces. Thus we are not certain that the average would even look middle aged. It could look well younger than the expected 50-year-old face, because all the individual persons' creases and wrinkles would have been smoothed out. Clearly, it would be a bit of a paradox for the average middle-aged face not to 'look its age', but we believe that this may well be true.
The juvenating effects of smoothing that occur in averaging the middle-aged faces might be countered, however, to the extent that normative cues to aging are present in the 3-D laser scans. As Burt and Perrett (1995) have found, there are normative cues to aging present in the difference in 2-D shape and color information between a 25-29-year average and a 50-54-year average. Applying these differences as an age transformation to six faces (two aged 27, two aged 40, and two aged 53 years) increased mean age estimates by 8.5 years. Presumably there are indeed some normative cues to aging present in the 3-D structure captured by a laser scan of faces that vary considerably in age. These cues would include any normative changes in underlying skull structure, attached muscle and tissue structures, and properties of the skin surface. Thus with aging there would be: (i) a relaxation in the elasticity of the skin, resulting in increased wrinkling; (ii) a loss of facial muscle tone; (iii) a softening of the cartilage, resulting in less structural support for the nose and ears, making them appear longer; (iv) a decrease in facial fatty deposits, resulting in a more bony appearance (Behrents 1985; Hamra 1995) . Thus, one would expect the average of the 40 -60-year-old-faces to look somewhat older than the average of the 20 -40-year-olds, but not 20 years older.
Inasmuch as the raw data input to our facial caricaturing algorithm contained no normative cues to aging (no older faces in our sample), the question arises as to what sorts of aging cues were captured from the 3-D data for people primarily in their 20s and 30s? These cues could only be based on the distinctive aspects of individuals relative to the average face. First, the algorithm does a good job of capturing facial wrinkling as a cue to aging. Because it amplifies the contrast of facial creases already present in individual faces, the placement and shape of these amplified creases appear as natural wrinkles appropriate for particular faces. Creases hardly noticeable in a 25-year-old become more pronounced in caricature and make the face appear older. There is no reason to believe that if our caricaturing algorithm were to operate on a sample of middle-aged faces, it would not produce the same effect.
Consider two more cues to aging that have been tapped by the caricature algorithm: the increased prominence of facial bony structure and loss of facial muscle tone with increased age. Distinctive aspects of the facial bony structure visible in our 3-D scans have been further exaggerated by caricature. We have noted that cheek bones, brows, and noses prominent in our 20-40-year-olds become exaggerated in caricature and thereby add to the perceived age of the face in question. Similarly adding to perceived facial age has been the growth in 'jowls' (flaccid flesh under the lower jaw) produced by the caricaturing algorithm for 20-40-year-olds who have already possessed small jowls. Again, there is no reason to suspect that the process would operate any differently on a set of 40 -60-year-old faces. Future research should certainly test the validity of these assertions. We suspect that caricaturing of older age ranges of faces or of a very broad age range would not substantially alter our principal findings concerning the relation of aging, distinctiveness, attractiveness, and memorability.
Finally, we must add a qualification concerning our finding of a negative relation between apparent facial age and attractiveness. A weakness of our empirical approach in the present investigations is that we have not sought specific causal mechanisms. Thus, we cannot infer that exaggeration of facial cues to aging causes lesser attractiveness. Indeed, there might well be two quite distinct sets of cues for age and attractiveness, both of which are introduced by caricature. For instance, the smoothing properties of the average also help to minimize small blemishes and other face irregularities that may make it look less attractive. Anticaricaturing of faces, moving them toward the average, will have this same effect. In addition, some 3-D cues unrelated to age will be enhanced by the caricaturing process. Consider a small wart that is exaggerated by positive caricature. Hence the caricaturing process may produce faces that look more attractive and younger or less attractive and older, in part at least, because of affected cues that relate independently to facial attractiveness but not to facial age. Nevertheless, we believe that at least some cues are combined cues to aging and attractiveness, in particular the relative degree of wrinkling and the relative prominence of the skull.
